Abstract We examine in the heterosexual partnerships (dyads) of IDUs the correlates of engaging in unprotected sex on three levels: individual attributes, social network characteristics, and dyad characteristics. Unprotected sex was significantly less likely to occur in dyads where the participant injected daily or had high safe-sex attitude scores, and in dyads where both members encouraged each other to use condoms. Unprotected sex was significantly more likely to occur in dyads that smoked crack together, shared needles with each other, and where the participant knew that the sex partner had concurrent sex partners. In the sexual dyads of IDUs there is a combined risk of unsafe injecting and unsafe sex. Both injecting and sexual risk, and their combination need to be addressed in interventions that target the sexual partnerships of IDUs. Such interventions should also aim to reduce injected and noninjected crack and other stimulant use associated with high-risk sex.
Introduction
Among injecting drug users (IDUs), sharing injection paraphernalia is a risk factor for parenteral infection with the human immunodeficiency virus (HIV), and hepatitis B and C (HBV and HCV) viruses (Des Jarlais et al. 2003; Garfein et al. 1998; Neaigus et al. 1996) . In addition to parenteral risk, IDUs have a higher risk than the general population of acquiring HIV and HBV through unprotected sexual exposure either with their regular or casual partners, or by exchanging sex for money or drugs (Booth et al. 2000 (Booth et al. , 1993 Strathdee and Sherman 2003) . Moreover, IDUs are more likely than the general population to transmit infection because many IDUs are infected themselves (Padian et al. 1997) .
While there has been a reduction in the parenteral risk of infection among IDUs due to the increasing availability of legal, sterile syringes and prevention interventions (Kral et al. 2004; Nelson et al. 2002; Semaan et al. 2002) , the risk of sexual acquisition or transmission of HIV, HBV and other sexually transmitted diseases (sexual risk) still remains high among IDUs, because unsafe sex has been more difficult to prevent (Booth et al. 2000; Dolezal et al. 1999; Evans et al. 2003; Friedman et al. 2002) . Younger IDUs may be especially at risk for both acquiring and potentially transmitting HIV and HBV, because they may be more likely than older IDUs to share injecting paraphernalia, engage in unprotected sex, have concurrent sex partners (i.e., have sex with more than one partner in a given time period), and have high-risk injecting or sexual risk networks (Fennema et al. 1997; Fuller et al. 2003; Kral et al. 2003; van Ameijden and Coutinho 1998) .
Several studies have examined factors at the individual level that may be associated with sexual risk among younger IDUs, such as access to economic resources, drug use characteristics and sexual and/or physical abuse during childhood or adolescence (Klein and Chao, 1995; Somlai et al. 2003) . For example, exchanging sex for money may be a way for women to obtain economic resources for their drug addiction (Weeks et al. 1998 ). Cocaine and other stimulant injection may increase sexual risk, probably due to increased sexual activity and more partners (Maranda et al. 2004; Somlai et al. 2003) . Sexual and physical abuse may lead to unsafe sex through lack of control over sexual activities due to shame and revictimization (Miller et al. 2002; Whiffen and Macintosh, 2005) . In addition, sexual risk may be different among women than among men, possibly because women are more likely to have older, IDU sex partners and because of social influence or pressure from their male sex partners to engage in unprotected sex (Absalon et al. 2006; Doherty et al. 2000; Evans et al. 2003; Frajzyngier et al. 2007; Friedman et al. 1999a ).
Factors at the social network level are also important to examine, because the sexual transmission of HIV and similarly transmitted pathogens, such as HBV, occurs through sexual behaviors occurring in the context of intimate social contact (Neaigus et al. 1994) . Previous studies have investigated the role of social networks as they relate to injecting and other drug use risk, and also the effect of overall social network characteristics on the sexual risk behavior of drug users (El-Bassel et al. 2006; Latka et al. 2006; Sherman and Latkin 2001) . Little is known though about the relationship of partnership characteristics between an IDU and his or her sex partner (dyad) to engaging in unprotected sex. Examining attributes of unprotected sex on the partnership-level as opposed to the individual or overall social network level is necessary, because sex predominantly occurs in social relationships involving two people, i.e., between couples with no others present. In the following, we will examine the correlates of engaging in unprotected sex in the heterosexual dyads of IDUs. We hypothesize that engaging in unprotected sex is influenced at three levels of causation: at the individual level (by the study participant's individual attributes such as demographic background, history of sexual abuse, drug use characteristics, and personal attitudes); at the level of the participant's overall personal network i.e., the participant and his or her direct social ties with social, drug use and sexual network members (by network characteristics such as the size of the personal social and risk networks, defined as the number of direct social ties that the participant reported); and at the dyad level (namely by the characteristics of the sex partner as reported by the study participant and/or of the relationship between the participant and the sex partner).
Methods

Participants
Between February 1999 and February 2003, IDUs were recruited in the East Village/Lower East Side neighborhoods of New York City for a study investigating their network and behavioral risks of infection with HIV, HBV and HCV. Participants were recruited from non-drugtreatment settings, although some may have been in drug treatment at the time of recruitment. We utilized a combination of targeted outreach and chain-referral methods (Heckathorn 1997; Sifaneck and Neaigus 2001) . We identified through key informants and ethnographic observations in the area of recruitment locations where drug users congregate. Study recruiters approached people in these locations who appeared to be injecting drug users or involved in other kinds of illicit drug use (targeted outreach) (Friedman et al. 1999b; Sherman and Latkin 2002) . In addition, all participants were given coupons to bring back people who they knew were also injecting drugs, and these candidates were screened for study eligibility (chain referral). Although data on participation rates were not collected or were not possible for those who responded to recruitment flyers or were offered coupons by participants already in the study, all those who were subsequently screened eligible (N = 385) participated in the study. Nevertheless the composition of the sample was comparable to that obtained by other studies conducted independently in the area (Des Jarlais et al. 2003 . After providing their informed consent, eligible participants were administered a computer assisted structured face-to-face interview in private at a research office in the area of recruitment and were paid $30 at the completion of each interview. Referrals to drug treatment and health and social services were made available upon request. Those eligible were 18 years of age or older and had injected heroin, cocaine or methamphetamines within the prior 30 days. To determine and verify eligibility, ethnographic methods, structured screening questionnaires, inspection of arms and other visible body sites for fresh needle marks, as well as urine toxicology tests and, if negative on the urine test, a hair test for heroin and cocaine were used.
Measures
Individual-Level Variables
Participants were interviewed about their sociodemographic and drug treatment background, individual attributes that may increase their personal susceptibility, self-reported infection status, drug use and sexual risk behaviors, drug and sexual risk network and dyad characteristics. The dependent variable in this analysis is having unprotected sex in the past 30 days with a partner who was nominated as a member of the participant's sexual network (dyad-level variable) .
Sociodemographic background variables included gender, age, race/ethnicity, income in the past six months (less than $5,000 vs. higher), current homelessness, marital status, and highest level of education (at least high school vs. less education). We also asked whether participants are currently in drug treatment. Personal susceptibility variables included having ever experienced sexual or physical abuse, feeling depressed in the past seven days (Radloff, 1977) , and perceived severity of heroin dependence (Gossop et al. 1992) . Participants were asked about current same-gender sexual orientation, and whether they had ever been told by a doctor or other health care professional that they were infected with HIV, HBV or HCV. Drug use behavior variables assessed the type of drug injected and frequency of injecting in the past 30 days for: crack, cocaine, heroin, speedball (heroin and cocaine injected together), and amphetamines, and overall frequency of injecting in the past 30 days. A composite safe sex attitude score (ranging from 0 to 6 based on the sum of responses, each response generating a value of 0 or 1) was created based on disagreement with the following five statements: ''steady partners do not need to use condoms'', ''there is little risk of HIV when having oral sex without a condom'', ''there is little risk of HIV when having vaginal sex without a condom'', ''there is little risk of HIV when having anal sex without a condom'', ''it's OK to have sex with a partner who refuses to use a condom''; and agreement with the statement: ''people should always use a condom with partners they don't know well''.
Social Network-Level Variables
Two kinds of network data were collected: 1. aggregate network data; and 2. nominated network data. Aggregate sex and injecting risk network variables were based on questions which asked about the number of people that participants had vaginal or anal sex with or injected with in the past 30 days. These variables include all partners, both those nominated and any other partners, e.g., anonymous partners. Nominated sex and injecting risk network variables were based on questions which asked participants to name those people they had contact with in the past 30 days and whom they received support or advice from, had sex with, or injected with in the past 30 days. The size, density (the number of actual ties among nominated network members divided by the number of all potential ties) and the average length of time they had known all their network members (support or advice, sex and injecting network combined) was also calculated. Exchanging sex for money or drugs in the past 30 days was assessed.
Dyad-Level Variables
Dyad-level variables included relationship, behavioral and partner characteristics of the nominated sexual network members. Relationship characteristics included emotional closeness; duration of the relationship (in months); and time since the participant first had sex with the sex partner (in months). Behavioral characteristics referred to the past 30 days and included daily contact; using alcohol, crack/ cocaine, marijuana, methamphetamines together; injecting together, sharing cookers, sharing needles; daily sexual contact; and discussing condom use. Partner characteristics included the ethnicity of the nominated sex partner; whether the sex partner is an IDU; whether the participant knows that the sex partner has another sex partner; and whether the participant knows that the sex partner is infected with HIV.
Dyad-level composite variables, each with three categories, were constructed for self-reported HIV infection status and communication about condom use based on a combination of characteristics of the participant (selfreported by the participant) and those of the sex partner (reported about the sex partner by the participant). Infection status for HIV was: 1. concordant presumptive negative (neither participant nor the sex partner was reported being infected), 2. discordant (either the participant or the sex partner was reported being infected while the other was not reported being infected), and 3. concordant positive (both the participant and the sex partner were reported being infected). Communication about condoms was categorized as: 1. neither encouraged the other to use condoms, 2. one person (either the participant or the sex partner) encouraged the other to use condoms, and 3. both the participant and the sex partner encouraged each other to use condoms.
Data Analyses
Of the 385 eligible participants who were interviewed at baseline, 254 participants reported being sexually active in the past 30 days and 209 (82% of 254) reported information about their sexual dyads. Those who did not report dyads compared to those who reported dyads were not significantly different in terms of gender, age, race/ethnicity, education, income, homelessness, or in the number of aggregate sex partners that they reported having any unprotected sex with. Since same-sex dyads may have different characteristics than heterosexual dyads, same-sex dyads were excluded from the analysis. Of the 209 participants who reported sexual dyads, 7 participants (3% of 209) were excluded for reporting only same-sex sexual dyads. This analysis is based on the remainder 202 participants and a total of 235 heterosexual dyads that they reported.
To assess potential gender differences on the candidate correlate variables, preliminary univariate analyses were conducted stratified by gender. However, no statistically significant (Chi-square p < .05) gender differences were found in any of the candidate correlate variables as they related to the dependent variable. Consequently, the sample was pooled and gender was used as a potential correlate variable only.
Univariate analyses were conducted to select candidate variables for inclusion in multivariate analyses. For the univariate analyses, contingency tables to describe distribution were used and univariate generalized estimating equations (GEE) with corresponding p-values to assess associations were conducted. GEE was used to take into account the correlation among nominated network members due to the clustering of network members within individual participants (Liang and Zeger 1986) . Variables with statistically significant (p < .05) or marginal (.05 < p < .20) associations in the univariate analysis were chosen for multivariate GEE analyses. Multivariate GEE models with backwards elimination were used to assess significant associations with the dependent variable. Adjusted odds ratios (aOR) and 95% confidence intervals (95%CI) are reported.
Results
Participant Characteristics
The analysis sample (n = 202) was predominantly of White race/ethnicity: about three quarters were White (n = 152, 75.2%), 13.9% (n = 28) Hispanic, 3.5% (n = 7) African American, and 7.4% (n = 15) Other. The mean age was relatively young, 24.1 years (SD = 4.5, range 18-39; 95th percentile: 31 years). About half were male (57%), homeless (54%), had an income below $5,000 in the past six months (49%), or had graduated from high school (48%). The majority was single (88%), and only a few were currently in treatment (5%). Two men (1% of total, 2% of men) and 28 women (14% of total, 33% of women) reported being sexually attracted to their own gender. The mean number of years since injecting initiation was 4.1 years (SD = 3.0). About two-thirds (61%) reported daily drug injection, mostly heroin (any heroin injecting n = 187, 93%; daily heroin injecting n = 115, 57%). Selfreported HIV, HBV and HCV infections were 1%, 8%, and 17%, respectively. Participants reported a mean of 2.1 aggregate sex partners (SD = 5.2, range 1-50) and a mean of 1.2 nominated sex partners (SD = .5, range 1-4). Unprotected sex was reported in about two thirds (66.8%, n = 157) of the 235 heterosexual dyads that were reported by the 202 participants.
Univariate Analysis
In univariate analysis, significant individual attribute correlates of engaging in unprotected sex within dyads were injecting daily and having a higher safe-sex attitude score (both protective) ( Table 1 ). Significant social and risk network characteristics associated with engaging in unprotected sex within dyads included a lower number of nominated sex partners and a smaller nominated social network size (Table 2) . Significant dyad-level correlates associated with engaging in unprotected sex within dyads included being emotionally very close to the sex partner, having daily contact with the sex partner, drinking alcohol together, the sex partner being an injecting drug user, having daily sexual contact, knowing that the nominated sex partner has another sex partner and sharing needles or sharing cookers with the sex partner. Either the participant or the sex partner, or both encouraging each other to always use condoms was protective.
There were three dyads where the participant was an MSM, three dyads where the participant injected amphetamines, and three dyads where the couple used methamphetamines together. In all these dyads, participants reported having unprotected sex. Due to the zero cells, these variables were not included in the multivariate analysis.
Multivariate Analysis
In multivariate analysis the individual attributes of injecting daily and having a higher safe-sex attitude score were inversely and significantly associated with having unprotected sex within a dyad. While none of the personal social and risk network characteristics stayed significant in the final multivariate model, several dyad-level risk correlates of engaging in unprotected sex within a dyad remained significant, including sharing needles with the sex partner, smoking crack or sniffing cocaine together, and knowing that the sex partner has another sex partner. Compared to none of the partners encouraging the use of condoms (reference category), both partners encouraging each other to always use condoms was protective, and either the participant or the sex partner encouraging the other to always use condoms was protective but marginally significant (Table 3) 
Discussion
In this analysis, we assessed the sexual risk for HIV and other sexually transmitted infections among a sample of IDUs in New York City. Our results point to a combined risk of both unsafe injecting and unsafe sex: those who shared needles were more likely than those who did not share to also have unprotected sex. However, daily injecting was a protective factor for unsafe sex, and may indicate IDUs who engage in sex-for-drugs transactions where condom use may be more frequent (Gossop et al. ). In addition, we also found a combination of unsafe sexual behaviors and high-risk sex networks: those whose partners have concurrent sex partners are more likely to have unprotected sex than those who report that their partners are monogamous.
Needle sharing and sexual risk were found to be associated in previous studies as well (Evans et al. 2003; Unger et al. 2006) . Possible explanations for this co-occurrence of sexual and injecting risk may be a higher level of trust that is present in intimate relationships, including trust about disclosing infection status, or relationship dynamics that prevent some IDUs from refusing to engage in sexual or injecting risk with an emotionally close or primary sex partner Neaigus et al. 1995; Unger et al. 2006 ). In addition, syringe sharing in a sexual relationship among IDUs may reflect a sense of fatalism about preventing the transmission of infection in the relationship, due to the notion among sex partners who are also injecting partners that ''they have unprotected sex anyway'' , indicating that engaging in one type of risky behavior (sexual risk) somehow justifies engaging in another type of risky behavior (injecting risk). It is also possible that IDUs in sexual or injecting relationships may have a rational assessment of their risk, because if they believe that they are in exclusive or monogamous relationships, their risk of exposure is lower.
Participants in dyads where the participant knew that his or her nominated sex partner had other partners were more likely than those in monogamous dyads to have unprotected sex. Patterns of infection transmission involve the role of bridges, i.e., individuals who have both infected and uninfected, or high-risk and lower-risk partners. When an infected network is connected to an uninfected network through bridge individuals, infection can travel from the infected network to the uninfected one, and potentially spread among the susceptible individuals within the previously uninfected network (Aral et al. 1999; Morris et al. 1996; Neaigus et al. 2001 ). Examining such potential bridges would allow us to identify the transmission dynamics within a given population and the direction of infection. IDUs with partners that have multiple sex partners may act as a bridge of sexual transmission of HIV and other sexually transmitted infections between high-prevalence and low-prevalence populations . Encouragement to use condoms by both the participant and the nominated sex partner was the strongest correlate: participants in those dyads in which both encouraged each other to use condoms were 98% less likely to engage in unprotected sex. In addition, having higher safer sex attitudes was also a highly significant protective factor. These findings suggest that couples/network behavior modification can be used in sexual risk reduction interventions among IDUs. These interventions targeting the sexual partnerships of IDUs (many of which are also injecting partnerships) could involve comprehensive risk reduction, i.e., reduce both sexual and injecting risk. In addition, the promotion of safer sex attitudes should be integrated into these interventions.
MSM IDUs constitute a special population among IDUs (Lambert et al. 2005) . While the number of MSM participants in this study was small, it is suggestive that all heterosexual dyads of MSM participants reported having unprotected sex. Previous studies have pointed out that MSM IDUs who also have sex with women have high rates of unprotected sex with their female partners (Kral et al. 2005; Rietmeijer et al. 1998) . Within the group of MSM IDUs, those who have sex with both men and women are an especially high-risk bridge population. In a study examining the injecting and sexual risk correlates of HIV, HBV and HCV seroprevalence among new IDUs in New York City, MSM were more likely to have been infected with HIV and HBV .
Some non-significant results are noteworthy, including the lack of an association between unprotected sex and selling sex, and unprotected sex and HIV discordance (although the number of those who self-reported being HIV positive was very small). Other research has found that while women who sell sex use condoms with commercial partners most of the time, they are less likely to use condoms with their non-commercial partners (Cusick 1998; Gyarmathy et al. 2003) . Our findings also show that participants in dyads where the participant or the sex partner sells sex are as likely to report unprotected sex as in dyads where neither sells sex. Partners of sex workers who may not use condoms consistently for commercial vaginal or anal intercourses are thus at high risk of acquiring HIV and sexually transmitted infections through exposure to infected clients of their partners. In the univariate analysis of this study, we found a marginally significant positive association between HIV discordance and using condoms, which suggests that those IDUs who know they are HIV infected may be less likely to engage in unprotected sex with partners who they believe to be uninfected (Friedman et al. 1994) . However, the finding that almost half of discordant couples reported having unprotected sex is disconcerting. Dyads where one partner is a sex worker or HIV discordant dyads may act as bridges of infection with HIV and other sexually transmitted diseases.
We found that the use of certain drugs, such as crack, cocaine and amphetamines was associated with unsafe sex. Couples that used non-injected crack or cocaine together were more likely than those who did not use these drugs together to engage in unprotected sex. Non-injected use of crack has not only been found to be associated with a higher probability of engaging in unprotected sex, but it also may be a marker for selling sex (Booth et al. 2000; Somlai et al. 2003) . In addition, the use of amphetamines and methamphetamines has been shown to be related not only to unsafe sex but also to multiple and casual/anonymous sex partners, and unsafe injecting (Lorvick et al. 2006; MMWR, 2006) . All dyads in this study where either the participant injected amphetamines or the couple smoked methamphetamines together reported unprotected sex. (None of these dyads had participants that were MSM). While the number of such dyads is small in our sample, this finding is suggestive of high-risk sexual behaviors associated with the use of methamphetamine or amphetamines.
A limitation of the study is that dyad analysis captures only strong sexual ties within a network and does not assess those weak ties where sexual partners are not nominated. Hence, in this dyad analysis we were unable to assess correlates of unprotected sex in relationships that are, for example, more casual or anonymous. In addition, 18% of those participants who reported being sexually active in the past 30 days did not report dyads. However, a subsequent analysis revealed that those who did not report dyads compared to those who reported dyads were not significantly different in terms of gender, age, ethnicity, education, income, homelessness, or in their report of having any unprotected sex with non-nominated sex partners. Another limitation is the small number of women in the sample. While no gender differences were found in our preliminary analysis, a larger sample size may have revealed gender differences in unsafe sex behaviors. In addition, some forms of stigmatized sex, e.g., sex work or having sex with men among men may have been AIDS Behav (2009) 13:196-206 203 underreported. There may also have been factors which limited communication among sex partners regarding sex partnerships outside of the dyad and/or disclosure of infection status. Since the sample is predominantly white, generalization to non-whites may not be possible or appropriate. Finally, our reliance on network sampling to obtain our study population raises the issue that the sample is non-random and thus may not be representative of all injecting drug users in New York. However, we used established methods for sampling ''hidden'' populations of injecting drug users. This study shows that there seems to be an overlap of injecting and sexual risk among IDUs and their sex partners. As such, in order to prevent the transmission of HIV and other sexually transmitted diseases, both injecting and sexual risk, and their combination have to be addressed in counseling, especially in couples or network counseling, since these behaviors occur in dyads/networks. In addition, the use of crack and other stimulants that may be non-injected increases sexual risk, so prevention work among IDUs may need to incorporate the role of polydrug use and both injected and non-injected stimulant use as a combined risk for unsafe sex. Those IDUs who engage in unsafe sex may be part of a ''core group'' and be the source for the sexual spread of HIV and other STIs. In particular, communication and social influence within dyads is important and finding ways to promote positive communication and social influence seems necessary to reduce sexual risk. Similarly, promoting individual attitudes to reduce sexual risk is necessary.
